proposed. This technique keeps the resolution of the decompressed videos with the no changes, while decreasing the computational time required to determine the matching macroblock between the reference and the current frames. This is performed by stopping the calculation of the sum absolute different between the pixels in the current macroblock and the macroblocks in the reference frame when the current uncompleted sum absolute value is greater than the previous calculated one. Experimental results using various video sequences with Diamond Search and New Three Step Search showed that the proposed technique reduces the search time of macroblock matching without affecting the resolution.
I. INTRODUCTION Motion Compensation (MC) predictive coding is the most popular method used to reduce temporal redundancy in video sequences. In order to carry out motion compensation, the motion of the moving objects has to be estimated first, this is known as motion estimation (ME) [1] . Block-matching motion estimation is employed in video coding standards such as MPEG and H.26x [2] . In this case, video frames are divided into non-overlapped macroblocks for the purpose of finding the matching macroblock, within a search area in the previous frame that is most similar to the current macroblock in the present frame. The displacement of the best-matched macroblock within the search window from the previous frame is the motion vector of the current macroblock. Blockmatching algorithms calculate the best match using the Mean Absolute Difference (MAD) or Sum of Absolute Differences (SAD) [3] . Full search (FS) algorithm or what is known as exhaustive search (ES) algorithm provides the best result by matching all possible macroblocks within the search window; however, this algorithm suffers from long computational time, which necessitates improvement. The time needed for this processing was enhanced by several methods of Fast Block Matching algorithm. To enhance motion estimation search time, there has been a tremendous contribution by various researchers and experts for the past two decades to refine block-matching algorithms [4] . A number of Fast Block Matching motion estimation algorithms were considered in different video coding standards such as Three Step Search (TSS) [5] , New Three Step Search (NTSS) [5] , Simple and Efficient TSS (SESTSS) [6] , Four Step Search (4SS) [7] , Diamond Search (DS) [8] , Cross diamond search [9] , Adaptive Rood Pattern Search (ARPS) [10] , Mean Predictive Block Matching (MPBM) [11] and so on . All these block-matching algorithms are used to reduce the search time either by having different search patterns or less number of searching points. The full search (FS) acts as a benchmark for evaluating the efficiency of all the existing fast block-matching motion estimation algorithms.
This research work is an extended work of previously published paper in which the proposed technique was used to enhance the time of full search technique without compromising the quality of the decompressed videos [12] . In this paper, the proposed technique will be applied to Diamond Search (DS) and New Three Step Search (NTSS).
The aim of the proposed technique is to decrease the computation time of the existing algorithms by stopping the calculation of the sum absolute different between the pixels in the current macroblock and the candidate macroblocks in the reference frame when the current uncompleted sum absolute value is greater than the previous calculated one.
The rest of this paper is organized as follows: Section 2 is concerned with Block Matching Algorithm. In section 3, Fast Block Matching Algorithms are introduced. Section 4 talks about DS while NTSS is shown in section 5. In section 6, the proposed technique for fast Block Matching Motion Estimation is illustrated. Section 7 shows the simulation results of the proposed method and conclusion is given in section 8.
II. BLOCK MATCHING MOTION ESTIMATION
In video compression, motion compensation (MC) prediction is used to remove temporal redundancy. Motion compensation prediction provides the video coding system with high compression ratio and it is adopted by all of the existing international video coding standards, such as MPEG series and H.26X series, [12] [13] [14] . Motion compensation prediction assumes that the current picture can be modeled as a translation of the pictures in the previous (or previous and next). To carry out motion compensation, the motion of the moving objects has to be estimated first, this is known as motion estimation (ME), which is the most computational intensive part (50-80% of the entire system) in the video encoder [1, 15] . The popular Block Matching Algorithm (BMA) is a popular algorithm utilized for motion estimation in which the current luminance frame is divided into nonoverlapped macroblocks (MBs). Each MB then compared with corresponding macroblock (MB) and its adjacent neighbours in the reference frame to create a vector that stipulates the movement of a macroblock from one location to another in the reference frame [16] , i.e. finding matching macroblock of the same size N×N in the search area in the reference frame. Usually the matching measure is determined using the mean absolute difference (MAD), sum of absolute differences (SAD) or mean square error (MSE). The macroblock with the smallest error is considered the matching macroblock. The position of this matching macroblock gives the motion vector (MV) of the current macroblock as shown in Figure 1 . This motion vector has two parts horizontal and vertical. These parts can be positive or negative. A positive value means motion to the right or motion downward and a negative value means motion to the left or motion upward. These motion vectors will be used to predict new frame from the reference (motion compensation), as shown in Figure 2 [17] . [18] The search area for the current MB usually constrained up to p pixels on all four sides of the corresponding macroblock in the previous frame, where p is the search parameter. Larger motions require a larger p value, which requires more computationally power, as shown in Figure 3 . The object in MB might be rotated or re-sized. The two matching macroblocks are subtracted and their difference (residual) will be coded as well, i.e. in the encoding of video compression the motion vector (MV) and the residues of the MB are transmitted to the decoder. At the decoder, the received motion vector and the residues will be utilized to find the corresponding MB and uses the residues to reconstruct the block [20] [21] . Figure 4 shows the residual from subtracted frame 2 from frame 1 or from prediction frame.
Since the aim of Block Matching Motion Estimation techniques is to find the matching macroblock, some developed techniques transmit only the motion vectors to the decoder without the residuals as this take long time of processing and unnecessary to find the matching one. Full search (FS) is the simplest way to find motion vectors, where the correlation window is moved to each candidate position within the search area to get the best matching macroblock , it can be described by: ଶ of motion vectors are needed to be checked. As a result, exhaustive search (ES) finds the best possible match and gives the highest PSNR amongst any block matching algorithm, while a large amount of computational complexity is involved.
To reduce the computational complexity, while reserving the same PSNR, fast searching algorithms have been developed [1, 3] .
III.
FAST The proposed method is used with two common and acceptable qualities of compression techniques which are Diamond Search DS and NTSS.
IV. DIAMOND SEARCH (DS)
This technique utilizes Large Diamond Search Pattern (LDSP) and Small Diamond Search Pattern (SDSP). The matching macroblock is searched first within the nine motion vectors of LDSP which are {(±2,0), (0, ±2), (0,0), (±1,±1)} as shown in Figure 5 . The position of the minimum BDM for LDSP becomes the centre of the new search. If the minimum BDM is already at the center of the LDSP then the SDSP of four points {(±1, 0), (0, ±1)} will be checked. Otherwise the minimum BDM point will be the center of the next LDSP and only 5 or 3 vectors are checked as illustrated in Figure 5 . This process will be repeated until the center of LDSP is reached the minimum BDM, then the SDSP will be used [8, 26] . Figure 5 . Diamond Search procedure [19] V. NEW TREE STEP SEARCH (NTSS) New Three Step Search technique is one of first widely accepted fast Block Matching algorithms used in earlier standards like MPEG 1 and H.261 [26] . In this technique, if the search window range used as ±p (where p is usually selected as an odd number) then the step size will be set as (p+1)/2 . The matching macroblock is searched first within the 16 motion vectors which are {(±stepsize,0), (0, ±stepzise), (0,0), (±stepsize,±stepsize), (±1,0), (0, ±1), (±1,±1)} as shown in Figure 6 . If the minimum BDM in the first step is already at the search window center, then the search will be stopped (this is called the first-step-stop). Otherwise, the center will move to the minimum BDM. The search in the second step will be performed only for three or five neighbour's points to complete eight points neighbouring of the new center as illustrated in Figure 6 . The minimum BDM of the second step search gives the matching MB ( this is called the second-step-stop) [5, 26] . In this paper, a novel technique for fast block matching motion estimation is proposed which is called Enhanced Computation Time (ECT) for Fast Block Matching Algorithm. The proposed technique uses Diamond Search and New Three
Step Search. The aim of this technique is to enhance the search time for DS and NTSS while reserving the resolution. This technique reduces the computational time for LDSP for Diamond search and the First Step of New Three step search.
The proposed technique works as follows:
Step1: Compute the sum of absolute differences (SAD centre ) between the current macroblock MB and the macroblock at the same location in the reference frame (i.e., the center of the current search window). Assume that this amount will be set to minimum SAD i.e. let SADmin=SADcentre.
Step 2 : Start to compute the SAD of current MB and the next candidate MB, if the sum value exceeds the previously computed SADmin then stop the computation and go to the next MB.
Step 3: Set SADmin to the new SAD from step 2 and continue the comparison for the rest of the macroblocks.
VII. SIMULATION RESULTS
The proposed ECT algorithm is utilized for fast block matching motion estimation using luminance popular video sequences of 50 frames of CIF formats (352 288) and QCIF format (176 144). Also it used various motion activities: small, medium and large motion activities.
The videos frames are divided into equal blocks of size 16×16 and the current blocks are searched into the reference image using a search range of ±7. The SAD and MAD are both used as the Block Distortion Measures (BDMs).
The frame by frame comparison is determined using the peak signal to noise ratio (PSNR) which can be calculated using the following equation: Step Search (ECTNTSS) are determined using Matlab software utilizing 'Intel (R) Core(TM)i3 CPU M330@2.13 GHz 2.13 GHz' processor and benchmarked with algorithms DS and NTSS using mean peak signal to noise ratio (PSNR) as shown in Table1. Table 2 shows the time processing of this operation.
Although, the new technique used 'for loops' which take more time for processing in Matlab, the simulation results indicated that the proposed algorithm shows improvement in search time and keep the PSNR as the same as the original value. It should be noted that these codes are used to find the matching MBs, so only the motion vectors (without residual) of the MBs are transmitted to get the reconstructed videos. Step Search (NTSS) in order to reduce the computational time required to determine the matching macroblock from the reference frame to the current macroblock, without affecting the resolution. This technique could be used in the other algorithms of fast block matching motion estimation for the purpose of enhancing the time needed for these techniques, while keeps the resolution of decompressed videos the same as the original one.
